Case records of 21 horses that had acute illness after eating baled alfalfa hay containing dead striped blister beetles were reviewed. Tissue sections from 14 of the horses were examined; sections from two normal horses and several others with unrelated diseases were used for comparison.
mouth, pharynx and esophagus; hemorrhage in the renal pelvis, ureters, and urinary bladder [21] ; and acute renal tubular necrosis [16, 21, 22] .
Hepatic edema and renal tubular necrosis occur in experimental cantharidin poisoning in dogs [23, 26] . Degenerative changes in the kidney, digestive tract, and other organs occur in rats [4] .
Although experimental poisoning of horses with purified cantharidin has not been done, we assume that cantharidin is the agent responsible for equine toxicosis because no other toxic substances in blister beetles have been reported. In man similar disease results from ingestion of either crystalline cantharidin or crude preparations of dried ground beetles.
Materials and Methods
The files of the Oklahoma State University Departments of Pathology and Large Animal Medicine and Surgery were searched for records of horses poisoned by blister beetles. Records of 21 horses in which clinical and pathologic findings were supported by the finding of beetles in hay fed to affected animals were selected for review. Microslides were available from 14 of 15 horses that died. Five other horses were given ground beetles collected from baled hay, suspended in saline and administered by stomach tube. Horses I (182 kilograms) and 2 (409 kilograms) were given 5 grams of beetles each. Horse 3 (329 kilograms) was given oral doses of 1.5, 3 and 6 grams of beetles at 5-day intervals. Horse 4 (166 kilograms) and horse 5 (138 kilograms) received 5 and 6 grams, respectively. Horses 1,2 and 3 were necropsied immediately after death. Horse 4 survived and was not killed. Horse 5 died during the night and was too autolyzed for critical postmortem examination. Tissue sections from two normal horses and from several other horses that died of various causes during the course of this study served as
Results

Natural Disease
In all instances, striped blister beetles were found in alfalfa hay fed to affected horses or in feed boxes or mangers where the hay had been eaten. Beetles collected from hay in four episodes were identified as Epicauta [2] (fig. I). The 21 horses were poisoned in 16 incidents; in nine, two or more horses were affected. On one farm eight of 11 mares in one pen were poisoned; four died. On another, six of six were affected and two died. On a third farm seven horses were ill and two died. In two other incidents, two of 12 and two of to horses were affected; in each case both horses died. Where the distribution of affected horses was specified, most or all were in the same pen or pasture, even where all horses on a farm were fed alfalfa hay. We regard this to be the result of the distribution of beetles within bales. The beetles are usually in hay from single bales and sometimes concentrated in only one or two flakes of a bale [25, 29] .
The most consistent clinical signs recorded, in order of decreasing frequency, were abdominal pain, fever, depression, frequent voiding of small volumes of urine, increased pulse and breathing rates, and congested mucous membranes with slow capillary refill times. Sweating, intestinal hypomotility, soft stools, and a periodic jerking contraction of the diaphragm synchronous with the heart beat (synchronous diaphragmatic flutter) occasionally were noted. Some horses repeatedly immersed their muzzles in water without drinking. One horse had severe hematuria. Most fatally poisoned horses died within 2 days.
Clinical laboratory data were recorded for nine horses. The packed cell volume of each was increased to as high as 59% and usually was accompanied by increased serum protein concentration. Most had neutrophilic leukocytosis. Mildly increased blood urea nitrogen, up to 50 mg/dl, generally accompanied early illness. Significant decreases in serum calcium were found in four of six horses; the lowest recorded was 5.9 mg/dl. The specific gravity of urine samples collected before fluid therapy from four horses ranged from 1.003 to 1.006. Mild microscopic hematuria and positive occult blood reactions were findings in the urine of several horses.
Ulceration and erosion of the mucosa of the distal esophagus occurred in two horses. In one, the exposed surface was red and granular; in the other, there were linear areas of partial detachment of the epithelium.
There was extensive sloughing of the epithelium of the esophageal part of the stomachs of seven horses. Areas of the epithelium were missing, and the remainder was visibly detached at the edges of denuded areas ( fig. 2 ). The epithelium was easily detached in sheets and in some horses was in ragged, loosely attached tags. Reddening or exudation of exposed surfaces was not recorded. One horse that was ill for 5 days had extensive, irregular, linear, fissure-like ulcers of the squamous gastric mucosa. The submucosa was edematous in three stomachs.
The glandular gastric mucosa was moderately or intensely hyperemic in six horses. One horse had a rupture of the stomach along the greater curvature in the glandular part and an acute diffuse peritonitis.
Eight horses had changes in the small intestine. Some had increased mucus or patchy reddening of the mucosa and watery, flocculent contents. There was pseudomembranous inflammation of the duodenum of one horse ( fig. 3 ), of the proximal half of the small intestine of another, and of irregular patches throughout the intestine of a third. The small intestine of a fourth horse contained large flakes and strands of fibrin loosely adherent to the mucosa. The submucosa was edematous in two severely affected intestines. Patches of squamous gastric mucosa were found in the contents of one grossly normal small intestine. The large intestine had abnormally watery contents in nine horses. On the mucosa of one were numerous 2-to 3-centimeter white plaques of exudate, and in two others the submucosa was more than I centimeter thick and contained straw-colored fluid. There were no abnormalities in the cecum.
In six horses, ill for I to 5 days, the kidneys were slightly enlarged and pale, with a slightly bulging, pale, moist cut surface. Single or multiple acute infarcts were recorded in the kidneys of two horses and there were small, sparsely scattered cortical hemorrhages in those of one. The kidneys of the others were normal. The renal pelves of four horses contained more mucus than usual. In another horse, the mucosa of the pelves contained petechiae. The ureters were normal (three horses) or had mucosal petechiae or hyperemia (four horses).
The bladders of all 15 horses were abnormal. In three the mucosa was patchily or diffusely hyperemic; in the others it contained petechiae or multiple, confluent, 1-to 2-centimeter hemorrhages ( fig. 4 ). The bladder of the horse with hematuria was one of the most severely hemorrhagic and contained several small blood clots. The urethrae of one male and one female horse had mucosal petechiae.
Five horses, ill for 7 hours to 5 days, had gross myocardial degeneration or necrosis ( fig. 5 ). Discrete, gray-red or pale yellow patches were in the ventricular myocardium and were visible on the cut as well as epicardial and endocardial surfaces. They were irregular but often fairly linear with the longer dimension oriented parallel to the cardiac muscle fibers and up to 5 centimeters in greatest dimension. The redder lesions were in horses affected for 2 days or less. Those in a horse that died after 5 days were gray-yellow, soft, and surrounded by a narrow red zone.
Petechiae and ecchymoses ofthe pleura, epicardium and endocardium, and various degrees of adrenal cortical hemorrhage, were seen in nearly all horses. One horse had a large hemorrhage under the hepatic capsule. Another had about 200 milliliters of serosanguinous fluid in the pericardial sac and red vulvar and vaginal mucosae.
In sections of the esophagus of four horses there was necrosis of basal and prickle cells of the epithelium. In the horse with gross esophageal ulcers, necrosis was severe enough in some areas to result in focal separation of the epithelium from the lamina propria, creating spaces which contained erythrocytes, neutrophils and cell debris. Neutrophils were also within the separated epithelium, the underlying lamina propria and submucosa, and the submucosal lymphatics. The endothelium of superficial vessels was swollen. In the other horse, necrosis was limited to individual basal and prickle cells. The superficial layers of the epithelium were partially separated from the deep layers in one section so that three or four cell layers remained on the basement membrane ( fig. 6 ). The most superficial of these was flat and eosinophilic; tags of proteinic and cellular debris were on the surface, which suggested that the separation was not artifactual. There were few mitoses in the basal layer beneath areas of separation. The lamina propria and submucosa were not inflamed.
Sections of the esophageal part of the stomach were available from three of the seven horses with gross lesions. Changes were similar to those in the esophagus. In one of the horses with esophageal lesions, there was degeneration and necrosis of many individual basal and parabasal epithelial cells. Mitoses were numerous in the basal cell layer. The lamina propria and submucosa were normal. In the second horse, there were extensive and severe degenerative changes in all layers of the squamous epithelium, including necrosis of basal cells. Changes in prickle cells ranged from finely granular cytoplasmic swelling through vacuolar degeneration to frank necrosis of individual cells or small groups of cells. In some areas there was extensive focal necrosis of prickle cells, leaving numerous small spaces within which were neutrophils and cell debris. The lamina propria beneath contained a few neutrophils. In one section there were a few larger intraepithelial spaces, empty except for bits of debris ( fig. 7 ). Another section had an area of very thin epithelium about five flat cell layers thick. The most superficial layers were missing from adjacent areas. The exposed prickle cells were loosely arranged and in various stages of degeneration. A section of the esophageal part of the stomach of the third horse also had attenuated epithelium but without underlying inflammation. One of several histologic sections from a fourth horse, without recorded gross gastric lesions, had extensively ulcerated epithelium. There was superficial necrosis of the exposed lamina propria and an intense neutrophilic response that extended to the muscular tunic. This horse had died after less than 24 hours of illness. The stomach from a fifth horse was normal.
In the glandular areas of two stomachs there was mild superficial hemorrhage and a few neutrophils were in the lamina propria. The others were normal except for vascular engorgement, although some were difficult to evaluate because of autolysis.
Microscopic lesions of the small intestine in eight horses ranged from mild dilation of crypts with mucus in one horse to a pseudomembrane of fibrin and cellular debris that merged with necrotic villous tips in four. In one horse, necrosis extended into the submucosa in small areas. In some areas the villi were short and had flat epithelium; some crypts contained cellular debris. Lesions tended to be most severe in the proximal small intestine. Four intestines had moderate to severe edema of the lamina propria and submucosa, with mild to severe focal hemorrhage, but in only one of these was there also severe epithelial damage. The lamina propria and submucosa of one contained scattered neutrophils and many were in the lymphatics.
In the colon, the mildest change seen was slight dilation of crypts with excess mucus. In one horse, some crypts also contained a few fragmented cells. The submucosa of two colons was extremely edematous; however, these were not from horses with small intestine edema. Mild focal hemorrhage in the submucosa and mild neutrophilic inflammation of the lamina propria were also seen.
In the kidneys of three horses, there was slight to moderate swelling of the glomerular endothelium and epithelium, with occasional focal adhesions of the tuft to Bowman's capsule. In these and two others, there was slight dilation of the medullary ray tubules with small amounts ofluminal proteinic or cellular debris, but without visible necrosis of tubular epithelium. In a few kidneys, however, lesions were slightly more severe in some areas in which there were necrosis of individual cells or small groups of cells of the medullary ray tubules and occasional cellular casts. It seemed that the collecting ducts were mostly severely affected, but in some cases there were sufficient degenerative changes to preclude positive identification of the affected segments. Only a few proximal tubules had recognizable changes; some individual degenerated cells were seen, but epithelial necrosis and cellular casts were rare. Changes in the medulla resembled those in the medullary rays. The interstitium and vasculature of all kidneys were normal.
Sections of renal pelvis and ureters were available from only two cases. In both, the mucous glands were dilated with mucus, and a thick layer of mucus overlay the mucosa. The ureteral mucosa of one horse contained small focal hemorrhages and there were neutrophils in the lumina of many of the mucous glands.
In the urinary bladders of four horses, the epithelium was focally or diffusely denuded and the exposed areas were acutely inflamed. Tags of proteinic debris were attached to the exposed surface below which were numerous neutrophils. Changes were not seen in remaining epithelium. Lymphatics contained neutrophils and occasional fibrin plugs. The lamina propria in two cases was severely hemorrhagic. Two bladders were autolyzed beyond interpretation. One section of urethra was available; there was necrosis of a few epithelial cells.
Microslides of the hearts of 12 horses were available. Four, whose durations of illness were 2, 4, and 5 days and one unknown, had myocardial lesions; microscopic changes were not seen in the heart of the horse ill for only 7 hours. There was discrete or confluent focal necrosis, or in some sections, extensive patches of necrosis ( fig. 8 ). Muscle fibers were swollen, eosinophilic and granular, without striations, and were usually severely fragmented. In one, almost every focus was heavily mineralized but in the others mineralization was minimal. Degenerated muscle fibers were separated by edema, and there was slight to extensive cellular reaction at the periphery of affected areas. A few neutrophils and extravascular red cells were scattered between degenerated muscle fibers. Mild lesions were found in the heart of one horse in which gross myocardial changes were not described. Gross atrial lesions were not seen, but microscopic foci of necrosis were in the atrial myocardium in one horse with severe ventricular lesions. Of the eight horses without myocardial lesions, none had survived more than 2 days.
The lungs of seven horses were moderately to severely hyperemic and edematous. The liver of one horse with extensive myocardial necrosis had severe centrilobular congestion, mild acute necrosis of centrilobular hepatocytes, and edema. In five horses the adrenal cortex was moderately to severely hemorrhagic.
Experimental disease
Clinical signs were much the same as in the natural disease and included severe abdominal pain and depression, rapid thready pulse, and frequent voiding of small amounts of urine. Horse I died 4 hours after a dose of 27 mg/kg of beetles, and horse 2 died 19 hours after 12 mg/kg. Horse 3 survived doses of 5 and 9 mg/kg but died after 6 days of severe illness after a dose of 18 mg/kg. Horse 4 recovered 4 days after receiving 18 mg/kg. Horse 5 died several hours after a dose of 43 mg/kg. Slight to moderate hemoconcentration occurred within 24 hours after doses of beetles. Horses 2 and 5 became leukopenic, but horses 3 and 4 developed neutrophilic leukocytosis. Generally, the blood urea nitrogen increased only slightly; however, the blood urea nitrogen and serum creatinine and phosphorus of horse 3 were much greater than normal. The serum calcium concentration decreased in each horse and was lowest, 4.2 mg/dl, in horse 3 after the third dose.
Morphologic changes were similar to those in naturally poisoned horses. The esophagus was normal in horses I and 3, but in horse 2 there was extensive mucosal sloughing and submucosal edema. None had gross lesions in the esophageal part of the stomach; sections were available of the stomach only of horse 3, wherein no changes were seen. The glandular gastric mucosa of all three horses was red, and in horse 3, in addition to hyperemia, there was mucus and debris in the glandular crypts, and severe submucosal edema with occasional focal hemorrhage and mild acute inflammation. The small intestines of horses I and 3 were grossly and microscopically normal, but a gray pseudomembrane covered the mucosa of the entire small intestine of horse 2. The underlying mucosa was intensely red and the mesentery was mildly edematous near its attachment to the intestine. Colonic lesions were limited to horse 3 in which there were numerous pinpoint to 3-centimeter indurated ulcers covered with yellow granular exudate; these tended to occur in groups.
The kidneys of horses I and 2 were grossly normal, but those of horse 3 were slightly swollen and pale, with a moist cut surface. Microscopic changes in the tubules of the medulla and medullary rays in horse 3 were similar to, but more severe than, those in natural cases. Many of the convoluted tubules had flat epithelium with large hyperchromatic nuclei and a few mitoses and cellular debris in the lumen. The lower urinary tract was grossly normal in horse I, but the renal pelves of horse 3 contained excess mucus and the ureteral mucosae of horse 2 were stippled red. The bladders of horses 2 and 3 were intensely red and had dull, granular, hemorrhagic mucosal Surfaces. The urethra of each was normal. In the one section of bladder from horse 3 in which the epithelium remained, there was extensive necrosis of cells, singly or in small groups, usually in association with a few intraepithelial neutrophils ( fig. 9 ). The transitional epithelium of the renal crest of this horse contained numerous small discrete spaces ( fig. 10 ). Many of these contained cell debris and neutrophils but some were apparently empty.
The myocardium of horse I was grossly normal but contained microscopic foci in which myocardial fibers were slightly swollen and more eosinophilic than usual, although striations were visible. The hearts of horses 2 and 3 contained streaks and patches of myocardial necrosis. In horse 2 they were dark red. Those on the external Surface in horse 3 were fine pale striate areas while those on the endocardial and cut Surfaces were discrete yellow-white patches several centimeters in greatest dimension. Microscopic changes were the same as those of the natural disease. Other organs and tissues were unremarkable except for serosal and adrenal hemorrhage in horses 2 and 3; horse 3 also had a slight excess of clear pericardial fluid.
Discussion
Under the most widely accepted system of classification of the genus Epicauta, the striped blister beetles are considered three similar but distinct species [35] . E. vittata is found from Iowa east to Maine and New Jersey; E. occidentalis in Nebraska, Kansas, Colorado, Oklahoma, Texas and Louisiana; and E. lemniscata in these states and east to New Jersey and Florida [35] . Samples of beetles from four cases were each found to contain both E. lemniscata and E. occidentalis [2] ,including those from one case previously identified as E. vittata.
In no instance of natural poisoning were beetles found in any feedstuff other than alfalfa hay. We believe that the beetle's feeding in swarms on alfalfa and the modern method of harvesting alfalfa by simultaneous cutting and crimping result in the occasional incorporation of large numbers of beetles in individual bales or even single flakes of a bale. Thus, only one or a few horses might be affected of many fed alfalfa hay from the same source. It seems odd, in view of the range of the striped blister beetles and the common growing of alfalfa, that poisonings have been recognized only in Tennessee, Texas and Oklahoma.
Many affected horses had clinical signs suggesting a gastrointestinal catastrophe and nearly all had clinical and laboratory evidence of shock. Indications of urinary tract irritation were not seen in most horses affected for less than 2 days. Such signs could have been obscured, however, by more noticeable manifestations, a possibility strengthened by the observation that experiment horse I urinated several times before death 4 hours after administration of beetles. Gross hematuria was not noted as often as might be expected from the urinary bladder lesions, although microscopic hematuria was usually found when urinalyses were done. Synchronous diaphragmatic flutter, recorded in two horses, was probably related to hypocalcemia [19] . The mechanism of hypocalcemia is unknown. The repeated immersion of the muzzle in water might indicate oral irritation but should not be regarded as a specific sign since horses with other gastrointestinal illnesses may also do this. Oral lesions were not seen in horses in this study, although oral mucosal sloughing has been seen previously [10, 20] . Nor were irritative lesions in areas contacted by urine seen except in one mare; however, since cantharidin is excreted in the urine [33] , such might be found by careful examination.
Although the gross appearance of some kidneys suggested nephrosis, most horses had only mild tubular damage no different from that which might be found in animals dying from other causes. Experiment horse 3 had fairly extensive tubular necrosis that included the convoluted tubules. This lesion was not seen in any of the other horses, but horse 3 had been given three doses of beetles, a total of 10.5 grams. Furthermore, urinalyses did not indicate tubular necrosis, and the mild elevations of blood urea nitrogen frequently recorded were probably the result of poor renal perfusion. Therefore, we believe that although cantharidin is nephrotoxic, nephrosis seldom causes death of poisoned horses, and that renal lesions found in natural cases are usually nonspecific. The low urine specific gravity seen in some horses was probably caused by a decrease in the permeability of the collecting ducts to water [27] . Whether this is a result of effects on the epithelium or of some interference with antidiuretic hormone requires investigation. Hematologic findings other than hypocalcemia were interpreted to represent hemoconcentration and inflammation.
While intraepithelial vesicles and loss of superficial epithelial layers in the esophagus and stomach were interpreted as evidence of the acantholytic action of cantharidin, these changes were present in only a few horses. In most cases the epithelium was either denuded or unaffected. A possible mechanism of epithelial sloughing is suggested by the degeneration and focal necrosis of basal and prickle cells. This could result in sloughing of the whole thickness of the epithelium if sufficiently extensive. It was not seen in any of the control horses. The denuded areas themselves were not microscopically distinguishable from the ulcers seen along the margo plicatus in many horses with other diseases. Gross lesions in the stomachs of cantharidinpoisoned horses, however, were much more characteristic. The squamous epithelium was sloughed in patches and the areas still attached were easily peeled away. The lack of sloughing in the stomachs of the experimentally poisoned horses is unexplained; however, it occurred in the esophagus of one, and was not consistently recorded in the natural disease. Mucosal degeneration and necrosis and submucosal edema and hemorrhage reflect the potent toxicity of cantharidin to the intestine.
The effect of cantharidin on the lower urinary tract is indicated by changes ranging from excessive mucus secretion by the glands of the renal pelvis to ulceration and hemorrhage of the bladder mucosa. Small vesicles in the transitional epithelium of the renal crest and tiny foci of necrosis in the bladder epithelium were seen in one experimentally poisoned horse. Possibly bladder ulceration results from expansion or confluence of these foci.
It is tempting to attribute death in horses ill for several days to heart failure as a result of myocardial damage. Seven horses had pulmonary congestion and edema, but the frequency with which these are found in horses dead of various causes prevents the assumption that a cause and effect relationship exists. Well defined acute hepatic congestion, edema and centrilobular necrosis in one horse were interpreted to be the result of myocardial necrosis.
For several reasons we believe that the myocardial necrosis is caused by the direct effect of cantharidin. Lesions of myocardial vasculature sufficient to cause infarction were not seen and the pattern of fine, linear, diffusely distributed lesions seen in some hearts does not suggest a vascular origin. Significant hypokalemia was not recorded, and there is no indication that hypocalcemia causes myocardial necrosis. Myocardial necrosis is not recorded' in previous reports of cantharidin poisoning, although one human patient had electrocardiographic evidence of myocardial damage [22] . Findings such as serosal and adrenal hemorrhage were regarded as nonspecific.
From a diagnostic viewpoint, "colic" or acute vague illness in horses fed alfalfa hay should suggest the possibility of blister beetle poisoning, especially if several horses are simultaneously affected or if there is frequent urination or hematuria, Clinical manifestations of hypocalcemia can be seen in cantharidin poisoning, and laboratory demonstration of hypocalcemia or hematuria would be helpful. The oral and genital mucous membranes should be examined for irritative lesions. Sloughing or easy manual removal of the squamous epithelium of the stomach, hemorrhagic and ulcerative cystitis, and evidence of alimentary tract damage were common gross postmortem findings and should be regarded as suggestive of cantharidin poisoning when they occur in combination, and particularly when accompanied by myocardial necrosis. Because these findings were not constant from case to case, however, and because microscopic studies seldom provided additional information, access of the horse to hay containing blister beetles should be demonstrated if blister beetle poisoning is suspected.
